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INTELLIGENT MEASUREMENT AND
CONTROL COMMUNICATION NETWORK
SYSTEM

TECHNICAL FIELD

The present disclosure relates to a measurement and
control communication network, and in particular to an
intelligent measurement and control communication net-
work which can meet the rapid increase of the number of
future space vehicles and greatly increase the requirements
for measurement and control and satellite applications.

BACKGROUND

A measurement and control communication network 1s a
product of the combination of a modern aerospace technol-
ogy, measurement and control, communication and a net-
work technology. The measurement and control communi-
cation network makes full use of the characteristics of large
satellite coverage and flexible and eflicient transmission of
a networking satellite group, and realizes eflicient and
seamless communication facing the world through network-
ing and interconnection between different satellite nodes,
between a satellite node and ground, and between a satellite
node and an air node. The mtelligent measurement and
control communication network 1s an intelligent body com-
posed of various types of satellite systems 1n different orbits,
where inter-satellite communication links are intercommu-
nicated and mtercommunicated according to the maximum
and eflective comprehensive utilization of spatial informa-
tion resources. The network may integrate various acrospace
systems, including reconnaissance and monitoring, environ-
ment and disaster monitoring, resource detection, early
warning, navigation and positioning, etc., and has the capa-
bility of autonomous operation and management and 1ntel-
ligent information acquisition, storage, processing and dis-
tribution. The intelligent measurement and control
communication network 1s mainly composed of system
groups such as information acquisition, information trans-
mission and information processing, navigation and posi-
tioming, network management and security defense. The
information acquisition system 1s mainly responsible for
collecting information. The imnformation transmission system
1s mainly responsible for information transmission and relay,
including a communication satellite, a broadcasting satellite,
a data relay satellite and a ground receiving system. The
information processing system mainly completes the tasks
such as preprocessing, secondary processing, imnformation
tusion and comprehensive analysis of satellite acquired data,
including high-performance information processors and cor-
responding software and databases carried by each satellite,
a special data processing satellite and a ground processing
and application system. The navigation and positioning
system 1s composed of multiple navigation satellites 1n
different orbits and a ground monitoring system, which
provides navigation, speed measurement and time service
for various mobile or stationary carriers including satellites
from the ground to space. The network management system
1s composed of a ground management center and a space-
based management center constituted by a computer system
with a data relay or information processing satellite, which
may independently or jointly complete the management and
control functions of network constellation operation moni-
toring, command and control, and information exchange.
The security defense system is responsible for the security of
a space-based network. Since the space network environ-
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2

ment 1s different from the ground, the data network has long
transmission delay, weak signal level and high channel
noise, which may include at least one unreliable space data
transmission link, resulting in frequent interruption of the
Doppler frequency ground communication. With the
increase of the number of targets, the consumption of
spacecralt measurement and control resources increases
rapidly, and the space environment 1s becoming increasingly
complex. An existing ground-based measurement and con-
trol communication network cannot meet the requirements
for the operation management, monitoring, measurement
and control and information transmission of satellite multi-
satellite networking, which brings great network manage-
ment problems, and the existing operation management
mode 1s basically unavailable. Due to the small number of
existing macro-satellites 1n low and medium orbits, they are
basically 1 a single-satellite working mode, and the period
of revisiting an observed target 1s long, so the ground-based
measurement and control communication network 1s unbear-
able about the operation management and monitoring mea-
surement and control work of various satellite constellation
networking. At present, 1t will be a big problem to rely on
domestic satellite ground-based measurement and control
stations to support the information transmission of a future
satellite constellation system. The main difliculty is that the
domestic ground-based measurement and control stations
can only support the data reception when the satellite passes
over the top, but cannot give full play to the advantages of
global real-time observation information acquisition of sat-
cllite constellation. Secondly, the limitation of the number of
domestic satellites on the ground will cause time conflicts 1n
satellite-to-ground communication tasks. At present, it 1s
dificult to adopt the ground-based measurement and control
communication system, which 1s due to the limitation of a
ground-based task assistant support system and constraints
of a ground communication network, which makes flight
control support program extremely complicated and difhi-
cult. In the future, the intelligent measurement and control
communication network will provide more and more ser-
vices, and different services will have different requirements
for networking technology. In addition, with the increase of
the number of satellites, the intelligent measurement and
control communication network will gradually become huge
and complex. Relying on a manual management and opera-
tion mode, the occupancy rate of measurement and control
resources 1s too high, the task response i1s not timely, the
burden of operators 1s heavy, and the error probability 1s
high. The intelligent measurement and control communica-
tion network technology facilitates reducing the use of the
measurement and control resources, the burden of the opera-
tors and the risk of errors.

The application of an intelligent cogmitive technology 1n
measurement and control communication network 1s repre-
sented by National Aeronautics and Space Administration
(NASA)'s SCaN test bed. The test bed was developed
around 2008 and has been carried on the International Space
Station. At present, research focus of NASA 1s the Cognitive
Communication Project. NASA 1s using the developed intel-
ligent routing soitware Cogent to verily the concept of
on-orbit application of cognitive networking on the SCaN
space test bed. Cogent supports adaptive routing and multi-
link operation, and may handle two protocols of Delay
Tolerant Networks (DTN) and Internet Protocol (IP). At
present, 1t 1s impossible to control a radio system running on
the test bed (fixed running or adaptive wavelorms).

Cognent creates a virtual iterface at an interlayer bound-
ary, representing different sets of bottom-level options, so

"y




US 11,777,592 B2

3

that the running of the Cognent may not affect the data flow
directly reaching an actual bottom-level interface. For

example, between the IP and a link layer, an IP routing table
1s utilized to select an appropriate outgoing interface. A
specific test subnet business may be sent to a Cognent virtual
interface, while other businesses continue to select routes
normally. The method runs cognitive networking in an
incremental deployment mode, and has an option of “fault
isurance”, bypassing cognitive decision making. The cur-
rent version of Cogent software can perceive and adapt to
link characteristics, but cannot check decision and imple-
mentation learning algorithm of this Cogent software.

The main units of Cogent design include a cognitive
engine, an application programming interface on the cogni-
tive engine, a scheduling algorithm and a content cache. The
primary focus of implementation of this work 1s to realize
DTN data flow, adapt to the change of data rate of an
underlying link, and make DTN have the ability to use
multiple link sets. In addition, for applications with different
service quality requirements, the current version of Cogent
can optimize radio link selection to achieve the lowest delay
and the highest bandwidth. For example, for low delay, the
Cognent can select a direct earth link instead of a relay
interface of space network, and for high throughput, a Ka
band 1nstead of a S band 1s selected.

The main purpose of NASA’s construction of a Cogent
prototype system 1s to provide a tool to identify the research
needed in the future by implementing an early cognitive
agent on the SCaN test bed. In addition, the NASA also uses
the Cogent to collect data 1n daily running. The NASA hopes
to use this mnformation to support gateway-level “small
brain” running and network-level “large brain” running in
the future, but the implementation of the corresponding
learning algorithm 1s still in its infancy.

In the future, the development trend of the intelligent
measurement and control communication network system 1s
mainly retlected 1n the following aspects.

(1) The formation topological configuration 1s diverse,

flexible and reconfigurable.

(2) The improvement of inter-satellite link frequency
band and limited field-of-view networking are research
hotspots.

(3) High-precision relative measurement and time com-
parison are the research focus.

(4) Autonomous cluster control and space/ground joint
management are important directions of technology
development.

SUMMARY

At least some embodiments of the present disclosure
provide an intelligent measurement and control communi-
cation network system which can improve the network
running efliciency and the network autonomous running
capability and meet diversified service requirements, so as at
least to partially solve the problems of rapid increase of the
consumption of spacecrait measurement and control
resources along with the increase of the number of space-
crafts and the increasingly complex space environment.

In an embodiment of the present disclosure, an intelligent
measurement and control communication network system 1s
provided, which includes that: an intelligent measurement
and control communication network at least includes at least
one management node and at least one common node. In
order to facilitate the management and eflicient operation of
the network, the whole intelligent measurement and control
communication network 1s logically divided into a control
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plane and a service plane. All spacecratts are divided into the
at least one management node, the at least one common node
and at least one gateway node. A ground-based measurement
and control station or at least one specific satellite 1s set as
the at least one management node. The at least one common
node forms one of the service planes. The service plane 1s
divided into multiple task subnets according to the tasks
executed by the nodes. Each task subnet completes tasks of
this task subnet respectively, and quickly responds to mul-
tiple tasks at the same time, performs autonomous network
construction, autonomous cross-layer network resource
management and intelligent routing with resource cognition,
so as to meet the scalability of the network. The control
plane and the service plane adopt different networking
modes to perform their duties, respectively, and respond to
multiple different applications simultaneously through dii-
ferent subnets of the service plane. According to the appli-
cation and scenario needs of the tasks, the control plane
combines externally changed parameters to generate a new
mathematical model in real time, adaptively changes a
network behavior or algorithm, logic and encoding param-
eters, selects a routing strategy with the shortest path, and
selects a new management node from the service plane
through machine learning. The at least one management
node 1s communicated with all common nodes, measures
and controls a formation spacecrait cluster target and an
information interaction target through a satellite-to-ground
link, and quickly distributes control information including a
ground 1nstruction. The ground-based measurement and
control station 1s communicated with the at least one man-
agement node through the satellite-to-ground link, and 1ndi-
rectly achieves measurement and control commumnication
with the at least one common nodes through the at least one
management node.

Compared with the related art, the present disclosure has

the following beneficial eflects.

1. The network running efliciency 1s improved. The
present disclosure logically divides the whole 1ntelli-
gent measurement and control communication network
into the control plane and the service plane, and the two
planes are responsible for different functions and net-
working modes. The control plane completes the topo-
logical mnformation maintenance of the whole network,
the routing maintenance of the whole network, the
distribution of the control information (including the
ground 1nstruction) and network management. Accord-
ing to the application and scenario needs of the tasks,
the control plane combines machine learming and
selects the routing strategy with the shortest path to
ensure the rapid distribution of the control information.
The service plane composed of the at least one common
node 1s divided into multiple task subnets according to
the tasks executed by the nodes, and the nodes 1n each
task subnet cooperate with each other to complete a
certain task. Each subnet completes tasks of this subnet
without interference, which realizes simultaneous and
rapid response to multiple tasks, implements autono-
mous network construction, executes autonomous
cross-layer network resource management and intelli-
gent routing with resource cogmition, meets the scal-
ability of the network, greatly reduces the protocol
overhead such as routing maintenance information in
the subnets, and improves the network running efli-
ciency, and can adapt to the increasingly complex space
network environment.

2. The present disclosure logically divides the whole
intelligent measurement and control communication
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network into the control plane and the service plane,
and the two planes respectively adopt different net-
working modes to perform their respective duties.
Different subnets of the service plane simultaneously
respond to a plurality of different applications, so that
the target ol simultaneous measurement and control
and information interaction of cluster targets such as
formation spacecraits are realized, and the problems
caused by centralization of traditional measurement
and control centers are solved. On this basis, based on
the cognitive network technology, the machine learming
method 1s adopted to solve the challenges brought by
the dynamic space environment, random interference
and diverse tasks, so that the system has the ability of
autonomy, self-adaptation and scalabality.

3. Multiple service types with different networking
requirements are supported. The present disclosure
aims at the increasing diversity of services provided by
the mtelligent measurement and control communica-
tion network 1n the future, and different requirements of
different services for the networking technology and
divides the service plane into a plurality of task subnets
according to the tasks executed by the service plane.
The nodes 1n each task subnet intelligently optimize the
network configuration according to the service require-
ments and cooperate with each other to complete a
certain task. Each subnet completes tasks of this subnet
without interference, realizing simultaneous and rapid
response to multiple tasks, and providing eflicient and
reliable networking support for various services.

4. The system adaptability and usability are improved.
Through mathematical modeling and deep learning, the
intelligent measurement and control communication
network system has autonomous learning ability. When
the environment changes and a new service type
appears, or when the system goes wrong, 1n combina-
tion with the externally changed parameter, the intel-
ligent measurement and control communication net-
work system may intelligently learn and generate a new
mathematical model in real time when the external
environment changes or the system goes wrong, and
adaptively change the network behavior or parameters
(such as algorithm, logic, encoding, etc.), thus improv-
ing the adaptability and usability of the system.

The present disclosure may be widely applied to cluster
combat tasks such as wide-area Synthetic aperture radar
(SAR), long baseline interferometer precise positioning to
the ground, high-resolution reconnaissance and monitoring,
space-based early warning detection, unmanned aerial
vehicle cooperative reconnaissance, cluster attack and the
like, adapts to the increasingly complex environment of the
intelligent measurement and control communication net-
work 1n the future, and improves the network runming
elliciency and autonomous control capability.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure 1s further described below in
combination with the accompanying drawings and embodi-
ments.

FIG. 1 1s a schematic diagram of an intelligent measure-
ment and control communication network system according,
to an embodiment of the present disclosure.

FIG. 2 1s a schematic diagram of a division mode of a
control plane and a service plane according to an embodi-
ment of the present disclosure.
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DETAILED DESCRIPTION

As shown in FIG. 1, 1 an intelligent measurement and
control communication network system, an intelligent mea-
surement and control communication network at least
includes: at least one management node and at least one
common node. In order to facilitate the management and
cilicient operation of the network, the whole intelligent
measurement and control communication network 1s logi-
cally divided 1nto a control plane and a service plane, and all
spacecraits are divided into the at least one management
node, the at least one common node and at least one gateway
node. A ground-based measurement and control station or at
least one specific satellite 1s set as the at least one manage-
ment node, and the at least one common node forms the
service plane. The service plane 1s divided into multiple task
subnets according to tasks executed by the nodes. Fach task
subnet completes tasks of this task subnet respectively,
responds to multiple tasks quickly, and performs autono-
mous network construction, autonomous cross-layer net-
work resource management and intelligent routing with
resource recognition, so as to meet the scalability of the
network. The control plane and the service plane respec-
tively adopt different networking modes to perform their
duties. Diflerent subnets of the service plane simultaneously
respond to different applications. According to the applica-
tion and scenario needs of the tasks, the control plane
combines externally changed parameters to generate a new
mathematical model 1n real time, adaptively changes a
network behavior or algorithm, logic and encoding param-
cters, selects a routing strategy with the shortest path, and
selects a new management node from the service plane
through machine learning. The selected management node 1s
communicated with all common nodes, measures and con-
trols a formation spacecrait cluster target and an information
interaction target through a satellite-to-ground link, and
quickly distributes control information including a ground
instruction. The ground-based measurement and control
station 1s communicated with the selected management node
through the satellite-to-ground link, and indirectly imple-
ments the measurement and control communication on the at
least one common node through the selected management
node.

The ground-based measurement and control station
divides low-orbit and medium-orbit satellites into a cluster
with an inter-satellite link and a cluster without the inter-
satellite link. The cluster with the inter-satellite link and the
cluster without the inter-satellite link complete measurement
and control, communication and relative measurement tasks
through a satellite-to-ground measurement and control data
transmission link or a relay measurement and control link.
The control plane contains the at least one management node
and the at least one common node. The at least one man-
agement node may be the ground-based measurement and
control station, or a certain specific spacecratit, or multiple
specific spacecraits. The at least one common node 1s at least
one general spacecralt performing tasks. Since not all nodes
can be directly communicated with the ground-based mea-
surement and control station, at least one spacecraift directly
communicated with the ground-based measurement and
control station 1s called the at least one gateway node. The
at least one gateway node may be served by different
spacecraits at diflerent times with the movement of the
spacecraits. Therefore, a management node with strong
processing ability 1s responsible for the management work
of routing and task distribution of the whole intelligent
measurement and control communication network. A space-
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cralft executing the tasks 1s a common node. A spacecrafit
directly communicated with the ground-based measurement
and control station 1s a gateway node. The nformation
transmission between the ground-based measurement and
control station and each management node or each common
node 1s transferred by the at least one gateway node.

The at least one management node recerves first informa-
tion from at least one of the at least one common node and
the ground-based measurement and control station, calcu-
lates second 1information based on the first information, and
sends the second information to each common node. After
receiving the second information, the at least one common
node starts to execute the task, sends third information to the
at least one management node after the task 1s completed or
when an error occurs, or continues to execute the current
task without receiving fourth information from the at least
one management node. When the external environment of
the intelligent measurement and control communication
network system changes and the system goes wrong, the
above calculation process will intelligently learn and gen-
crate the new mathematical model 1n real time, and adap-
tively change the network behavior or the algorithm, logic
and encoding parameters. The at least one management node
and common nodes which do not execute the tasks or have
executed the tasks are logically located on the control plane.
Common nodes which execute the tasks are logically located
on the service plane. The common nodes located on the
control plane or the common nodes located on the service
plane have at least one of the following differences: different
identifiers, diflerent routing protocols and different topologi-
cal relations with other common nodes.

The above tasks include but are not limited to at least one
of the following: navigation, remote sensing, reconnais-
sance, communication, etc. The at least one management
node may be one of the ground-based measurement and
control station, and at least one specific satellite.

The first information includes multiple sub-items. The
multiple sub-1tems include at least one of the following: task
information, location imformation, topological information
(1.e., the connection relations among all nodes), and a
running state of each device of the at least one common
node. The task information includes one of the following;:
task information of the at least one common node, task
information of at least one local node and task information
of all nodes. The location information includes one of the
following: location information of the at least one common
node, location information of a local network and location
information of the whole network. The topological infor-
mation includes one of the following: topological informa-
tion of the at least one common node, topological informa-
tion of a local network and topological information of the
whole network.

The task mformation 1n the first information may not be
specific to some common nodes, but imncludes tasks to be
completed by the whole intelligent measurement and control
communication network. The at least one management node
calculates the second information for each common node.

Each sub-item 1n the first information may come from
different places. For example, the task information comes
from the ground-based measurement and control station, and
the location information, the topological information and the
device running state come from the at least one common
node.

The second information includes multiple sub-items. The
multiple sub-i1tems include at least one of the following: the
task executed by the current common node, the routing
protocol used by the current common node, the identifier of
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the current common node on the service plane, and the
identifiers of other common nodes on the service plane.

The third information includes multiple sub-items. The
multiple sub-items include at least one of the following;:
whether the task 1s completed or not, and the reason why the
task 1s not completed.

The fourth information includes at least one of the fol-
lowing: a new task and a task ending instruction.

When the at least one management node calculates the
second information, a machine learming method may be
employed. The machine learning method includes but is not
limited to: linear regression, a decision tree, a support vector
machine, a Bayesian classifier, etc. The function of machine
learning 1s that when the at least one management node
performs the above calculation, machine learning may be
utilized to speed up the calculation or get a better result
through calculation.

FIG. 2 shows an embodiment of dividing a control plane
and a service plane. Each management node 1s communi-
cated with common nodes distributed on the same control
plane. Each management node manages the common nodes
distributed on the control plane network to execute tasks,
and the common nodes executing the same task or related
tasks are assigned into the same task subnet. In order to
facilitate the management and eflicient operation of the
network, the whole intelligent measurement and control
communication network 1s logically divided into the control
plane and the service plane. All these nodes on the control
plane and the service plane are inter-communicated through
wireless links to form a mesh, which constitutes the intel-
ligent measurement and control communication network
system. The service plane 1s divided into a service plane task
subnet 1 for executing a high-precision orbit determination
task 1 and a service plane task subnet 2 for a cooperative
reconnaissance task 2. The common nodes on the same task
subnet have service plane identifiers of the same attribute
(such as IP addresses of the same network segment), the
same service plane routing protocol, and the like. Common
nodes on different task subnets may have service plane
identifiers of different attributes (such as IP addresses of the
same network segment), different service plane routing
protocols, and the like.

The biggest diflerence between the service plane and the
control plane 1s that the tasks executed by the at least one
common node may be divided into the service plane, and the
tasks not executed or completed by the at least one common
node may be divided into the control plane. Secondly, after
entering the service plane, the common nodes may have
routing protocols, or IP address identifiers, or topological
relations of the connection relationships among the nodes,
etc., diflerent from those of the control plane. Related
information 1s transmitted to a corresponding management
node by each common node when each task executed by this
common node changes, topological relations with other
common nodes changes, and each device of this common
node does not run correctly. According to the received
information, the corresponding management node calculates
and updates the routing, the tasks to be executed, and the like
of each common node 1n real time. Moreover, the at least one
management node calculates the routing of all nodes 1n the
whole network or manages the tasks to be executed by each
node according to the collected information of the at least
one common nodes, and sends the tasks to be executed by
the node, the identifiers on the service plane, the topological
relations and the routing protocols to the corresponding
common nodes according to calculation results. The sender
of this information related to the same common node may




US 11,777,592 B2

9

not be one. For example, the task information may come
from the ground-based measurement and control station, and
the topological relations between the node and other com-
mon nodes, and whether each device of the node 1s running
normally or not may come from this common node.

As shown 1n FIG. 1 and FIG. 2, the following embodi-

ments are provided.

Embodiment One

A management node 1s the ground-based measurement
and control station, and common nodes are multiple satel-
lites. The orbit information of all satellites, the topological
information of the whole measurement and control commu-
nication network including the ground-based measurement
and control station and all the satellites, the task information
to be executed by each satellite, etc. (i.e., the first informa-
tion) have been stored 1n the ground-based measurement and
control station. After calculation, when each satellite passes
over the top, the ground-based measurement and control
station sends information to each satellite, and the informa-
tion includes the tasks to be executed by this satellite and
which satellites this satellite need to connect with to form a
specific topology (i.e., the second information). According
to the received task information, all the satellites continue to
execute the task until these satellites receive new task
information (1.e., the fourth information) from the ground-
based measurement and control station when passing over
the top.

Embodiment Two

A management node 1s the ground-based measurement
and control station, and common nodes are multiple satel-
lites. The orbit information of all satellites, the topological
information of the whole measurement and control commu-
nication network including the ground-based measurement
and control station and all the satellites, the task information
to be executed by each satellite, etc., (1.e., the first informa-
tion) have been stored in the ground-based measurement and
control station. After calculation, when each satellite passes
over the top, the ground-based measurement and control
station sends 1information to each satellite, and the informa-
tion includes the tasks to be executed by this satellite and
which satellites this satellite need to connect with to form a
specific topology (i.e., the second information). All the
satellites execute the task according to the received task
information, and send task completion mnformation or task
error information (1.e., the third information) to the ground-
based measurement and control station when passing over
the top after the task 1s completed or the task goes wrong.

Embodiment Three

A management node 1s the ground-based measurement
and control station, and common nodes are multiple satel-
lites. The orbit information of all satellites, the topological
information of the whole measurement and control commu-
nication network including the ground-based measurement
and control station and all the satellites, the task information
to be executed by each satellite, etc. (1.e., the first informa-
tion) have been stored in the ground-based measurement and
control station. After calculation, when a certain satellite
passes over the top, the ground-based measurement and
control station transiers information such as the tasks all the
satellites shall execute and which satellites 1t shall connect
with to form a specific topology (1.e., the second informa-
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tion) to other satellites through the satellite. According to the
received task information, all the satellites continue to

execute the task until these satellites receive new task
information (1.e., the fourth information) from the ground-
based measurement and control station. The transmission of
the fourth information 1s also transferred to all the satellites

through a certain overhead satellite. The satellite which
plays the role of transfer each time may not be the same
satellite.

Embodiment Four

A management node 1s the ground-based measurement
and control station, and common nodes are multiple satel-
lites. The orbit information of all satellites, the topological
information of the whole measurement and control commu-
nication network including the ground-based measurement
and control station and all the satellites, the task information
to be executed by each satellite, etc. (i.e., the first informa-
tion) have been stored 1n the ground-based measurement and
control station. After calculation, when a certain satellite
passes over the top, the ground-based measurement and
control station transiers information such as the tasks to be
executed by all the satellites and which satellites these
satellite need to connect with to form a specific topology
(1.e., the second information) to other satellites through this
certain satellite. All the satellites execute the task according
to the recerved task information, and send task completion
information or task error mmformation (i.e., the third infor-
mation) to the ground-based measurement and control sta-
tion after the task 1s completed or the task goes wrong. The
third information 1s transierred to the ground-based mea-
surement and control station through a certain overhead
satellite. The satellite which plays the role of transier each
time may not be the same satellite.

Embodiment Five

At least one management node 1s at least one specific
satellite, such as at least one relay satellite, and common
nodes are multiple other satellites. The orbit information of
all satellites, the topological information of the whole mea-
surement and control communication network including all
the satellites, the task information to be executed by all other
satellites, etc., (1.e., the first information) have been stored 1n
the at least one specific satellite. After calculation, when
other satellites are located 1n beam ranges of these satellites,
the at least one specific satellite sends information to other
satellites, and the information includes the tasks to be
executed by these satellites and which satellites these sat-
cllite need to connect with to form a specific topology (i.e.,
the second information). According to the received task
information, all the satellites continue to execute the task
until these satellites receive new task information (i.e., the
fourth information) from the at least one specific satellite.

Embodiment Six

At least one management node 1s at least one speciiic
satellite, such as at least one relay satellite, and common
nodes are multiple other satellites. The orbit information of
all satellites, the topological information of the whole mea-
surement and control communication network including all
the satellites, the task information to be executed by all other
satellites, etc., (1.e., the first information) have been stored 1n
the at least one specific satellite. After calculation, when
other satellites pass through beam ranges of these satellites,
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the at least one specific satellite sends information to other
satellites, and the information includes the tasks to be
executed by these satellites and which satellites these sat-
cllite need to connect with to form a specific topology (i.e.,
the second information). After other satellites complete the
task or the task goes wrong, task completion information or

task error mnformation (i.e., the third information) 1s sent to
at least one specific satellite.

Embodiment Seven

At least one management node 1s at least one specific
satellite, such as at least one relay satellite, and common
nodes are multiple other satellites. The orbit information of
all other satellites, the topological information of the whole
measurement and control communication network including,
all the satellites, the task information to be executed by all
other satellites, etc., (i.e., the first information) have been
stored 1n the above specific satellite. After calculation, when
a certain satellite passes through a beam range of this
satellite, the at least one specific satellite transiers informa-
tion including the tasks to be executed by these satellites and
which satellites these satellite need to connect with to form
a specific topology (1.e., the second mnformation) to all other
satellites through this certain satellite. According to the
received task information, all other satellites continue to
execute the task until these satellites receive new task
information (1.e., the fourth information) from the at least
one specific satellite. The fourth mmformation 1s also trans-
terred to all the satellites through a certain other satellite
located 1n the specific satellite beam range. Another satellite
which plays the role of transfer each time may not be the
same satellite.

Embodiment Eight

At least one management node 1s at least one specific
satellite, such as at least one relay satellite, and common
nodes are multiple other satellites. The orbit information of
all other satellites, the topological information of the whole
measurement and control communication network including
all the satellites, the task information to be executed by all
other satellites, etc., (i.e., the first information) have been
stored 1n the at least one specific satellite. After calculation,
when a certain satellite passes through a beam range of this
satellite, the at least one specific satellite transfers informa-
tion 1including the tasks to be executed by these satellites and
which satellites these satellite need to connect with to form
a specific topology (1.e., the second imnformation) to all other
satellites through this certain satellite. All other satellites
execute the task according to the recerved task information,
and send task completion information or task error infor-
mation (1.¢., the third information) to the at least one specific
satellite after the task 1s completed or the task goes wrong.
The third mformation 1s also transferred through a certain
other satellite located in the specific satellite beam range.
Another satellite that plays the role of transier each time may
not be the same satellite.

Embodiments Nine-Twelve

At least one management node 1s at least one specific
satellite, such as at least one relay satellite, and common
nodes are multiple other satellites. The orbit information of
other satellites, the topological information of the whole
measurement and control communication network including,
all the satellites, and the like (1.e., part of sub-item 1 of the
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first information) are sent by other satellites to a specific
satellite through the inter-satellite link. The task information
to be executed (i.e., part of sub-1tem 2 of the first informa-
tion) by all other satellites 1s sent to the specific satellite by
the ground-based measurement and control station when the
specific satellite passes over the top, or transferred to the
specific satellite by a certain other satellite when this satel-
lite passes over the top. After calculation, when other
satellites pass through beam ranges of these satellites, the at
least one specific satellite sends information to other satel-
lites, and the information includes the tasks to be executed
by these satellites and which satellites these satellite need to
connect with to form a specific topology (i.e., the second
information). According to the received task information, all
the satellites continue to execute the task until these satel-
lites receive new task information (i.e., the fourth informa-
tion) from the at least one specific satellite.

Embodiments Thirteen-Sixteen

At least one management node 1s at least one speciiic
satellite, such as at least one relay satellite, and common
nodes are multiple other satellites. The orbit information of
other satellites, the topological information of the whole
measurement and control communication network including
all the satellites, the task information to be executed by all
other satellites, etc. (1.e., the first information) are sent to a
specific satellite by the ground-based measurement and
control station when the specific satellite passes over the top,
or transierred to the specific satellite through a certain other
satellite when this satellite passes over the top. After calcu-
lation, when other satellites pass through beam ranges of
these satellites, the at least one specific satellite sends
information to other satellites, and the information includes
the tasks to be executed by these satellites and which
satellites these satellite need to connect with to form a
specific topology (i.e., the second information). According
to the received task information, all the satellites continue to
execute the task until these satellites receive new task
information (1.e., the fourth information) from the at least
one specific satellite.

The above 1s the specific implementation mode of the
present disclosure and not intended to limit the scope of
protection of the present disclosure. Any variations or
replacements apparent to those skilled 1n the art within the
technical scope disclosed by the present disclosure shall fall
within the scope of protection of the present disclosure.
Therefore, the scope of protection of the present disclosure
shall be subjected to the scope of protection of the claims.

What 1s claimed 1s:

1. An intelligent measurement and control communication
network system, wherein an intelligent measurement and
control communication network at least comprises: at least
one management node and at least one common node, the
intelligent measurement and control communication net-
work being logically divided into a control plane and a
service plane, all spacecraits being divided into a first part
ol spacecraits as the at least one management node, a second
part of spacecraits as the at least one common node and a
third part of spacecraits as at least one gateway node, at least
one ground-based measurement and control station or at
least one specific satellite being set as the at least one
management node, part of the at least one common node
forming the service plane, the service plane being divided
into a plurality of task subnets according to tasks performed
by the part of the at least one common node, each task subnet
respectively completing tasks corresponding to this task
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subnet, and each task subnet performing autonomous net-
work construction, autonomous cross-layer network
resource management and intelligent routing with resource
cognition; wherein the control plane and the service plane
respectively employ different networking modes to perform
duties of the control plane and the service plane, and
different subnets of the service plane simultaneously
respond to a plurality of different applications; the control
plane combines, according to application and scenario needs
of the tasks, an externally changed parameter to generate a
new mathematical model 1n real time, adaptively changes a
network behavior or algorithm, logic and encoding param-
cters, and selects a routing strategy with the shortest path, a
new management node 1s selected from the service plane
through machine learning, the selected management node 1s
communicated with all common nodes to send control
information comprising a ground instruction by measuring
and controlling a formation spacecrait cluster target and an
information interaction target through a satellite-to-ground
link; the ground-based measurement and control station is
communicated with the selected management node through
the satellite-to-ground link, and indirectly implements mea-
surement and control communication on all common nodes
through the selected management node.

2. The mtelligent measurement and control communica-
tion network system as claimed in claim 1, wherein the
ground-based measurement and control station divides low-
orbit and medium-orbit satellites mnto a cluster with an
inter-satellite link, which 1s communicated with the inter-
satellite link and a cluster without the inter-satellite link, and
the cluster with the inter-satellite link and the cluster without
the inter-satellite link complete measurement and control,
communication and relative measurement tasks through a
satellite-to-ground measurement and control data transmis-
sion link or a relay measurement and control link.

3. The mtelligent measurement and control communica-
tion network system as claimed in claim 1, wherein the
control plane comprises at least one management node and
at least one common node, and a management node with
strong processing capability 1s responsible for the manage-
ment work of routing and task distribution of the whole
intelligent measurement and control communication net-
work; a spacecralt executing the tasks belongs to the at least
one common node, a spacecraft directly communicated with
the ground-based measurement and control station belongs
to the at least one gateway node, and information transmis-
sion between the ground-based measurement and control
station and each management node or each common node 1s
transierred by the at least one gateway node.

4. The mtelligent measurement and control communica-
tion network system as claimed in claim 1, wherein the
selected management node receives first information from at
least one of each common node and the ground-based
measurement and control station, calculates second infor-
mation based on the first information, and sends the second
information to each common node; each common node
starts to execute a task corresponding to the second infor-
mation, and sends third information to the selected manage-
ment node after completing the task or when an error occurs,
or, each common node executes the current task all the time
without receiving fourth information from the selected man-
agement node; when the external environment of the intel-
ligent measurement and control communication network
system changes or the intelligent measurement and control
communication network system goes wrong 1n a calculation
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process, a new mathematical model 1s generated in real time
through intelligent learning, to adaptively change a network
behavior or parameters containing algorithm, logic and
encoding.

5. The intelligent measurement and control communica-
tion network system as claimed 1n claim 1, wherein the at
least one management node, a common node which does not
execute a task and a common node which has completed a
task are logically located in the control plane, and a common
node which executes the task i1s logically located in the
service plane.

6. The mtelligent measurement and control communica-
tion network system as claimed in claim 1, wherein the
common node on the control plane and the common node on
the service plane have at least one of the following differ-
ences: different identifiers, different routing protocols and
different topological relations with other common nodes.

7. The intelligent measurement and control communica-
tion network system as claimed in claim 1, wherein the
service plane 1s divided 1nto a first service plane task subnet
for executing a high-precision orbit determination task and
a second service plane task subnet for a cooperative recon-
naissance task, common nodes on the same service plane
task subnet have service plane identifiers of the same
attribute, Internet Protocol (IP) addresses of the same net-
work segment, and the same service plane routing protocol,
and common nodes of different task subnets have service
plane 1dentifiers of different attributes, or IP addresses of
different network segments, or different service plane rout-
ing protocols.

8. The intelligent measurement and control communica-
tion network system as claimed in claim 1, wherein each
management node 1s communicated with common nodes
distributed on the same control plane, each management
node managing common nodes distributed on a control
plane network to execute tasks, and common nodes execut-
ing the same task or related tasks are assigned 1nto the same
task subnet.

9. The mtelligent measurement and control communica-
tion network system as claimed in claim 1, wherein the
difference between the control plane and the service plane 1s
that common nodes for executing tasks are assigned to the
service plane, common nodes without executing the tasks or
common nodes for competing the tasks are assigned to the
control plane, and routing protocols, or IP address 1dentifi-
ers, or topological relations among the nodes of the common
nodes assigned to the service plane are different from those
of the common nodes assigned to the control plane.

10. The mtelligent measurement and control communica-
tion network system as claimed in claim 1, wheremn each
common node transmits related information to a correspond-
ing management node when each task executed by this
common node changes, topological relations with other
common nodes changes, and each device of this common
node does not run correctly; the corresponding management
node calculates and updates routing and tasks to be executed
of each common node 1n real time according to received
information, calculates the routing of all nodes in the whole
network or manages tasks to be executed of each common
node, and sends the tasks to be executed, the i1dentifiers on
the service plane, the topological relations and the routing
protocols to each corresponding common node according to
a calculation result.
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